The α-amylases are required for the break of starch into oligosaccharides. Because starch has the most solubility at high temperatures, thermo stable α-amylase play a key role in industrial hydrolysis. The temperature effects on not only the enzyme structure, but also enzyme activity. The bacillus licheniformis itself is not a thermopile but it contains a rather thermo stable α-amylase that is the most widely used as α-amylase in the starch industry. In the present study, we made structure of nano tubeactive site of this enzyme and focused mainly on the thermo stability. On the other hand, in this theoretical study, we studied the influence of the nano tube on the relative stability of enzyme and this information was compared with experimental data. At first, nano tube-active site of α-amylase was optimized then Quantum chemical calculations were performed by the GAUSSIAN 98 program. IR parameters consisting thermo chemical parameters were calculated on the optimized structure. Our results clearly indicated that in comparison with experimental investigations, nano tube play an important role in the enzyme's thermo stability, so that the most stable condition can be observed in the case of nano tube-enzyme.
INTRODUCTION
Alpha amylases (EC 3.2.1.1), hydrolyzes the inner α -1, 4 linkages in carbohydrates consisting starch that leading to the formation of soluble maltodextrins, maltose, and glucose. This enzyme is used in starch liquefaction, food, brewing, textile, paper and pharmaceutical industries extensively (Jip et al., 1999; Gangadharan et al., 2008) .
The active α-amylase is generally required for the change of starch into oligosaccharides. It is worthwhile to choose a potent strain of microorganisms for active and suitable enzymes production . Bacillus species such as Bacillus amyloliquefaciens, Bacillus subtilis, Bacillus licheniformis and Bacillus stearothermophilus are known as suitable producers *Corresponding author. E-mail: m_monajjemi@yahoo.com. (Jip et al., 1999; Gangadharan et al., 2006) .
The universal market for processing of amylases is around US $156 million and the price of the amylases used in the liquefaction represents 24% of the total process cost (Asad et al., 2011) . Therefore, any amendment in the enzyme yield, thermo stability and activity has a direct effect on the process performance, economics and feasibility .
Microorganisms such as bacteria and fungi have been searched for suitable α-amylases production carefully. Several bacillus strains produce extra cellular α -amylases which have prominent industrial importance (Asad et al., 2011) .
The industrial starch process requires numerous enzymes. The initial phase is accomplished with B. licheniformis α-amylase, which is used for starch decomposition to maltodextrin and corn syrup by controlled hydrolysis, a process known as liquefaction ( Khalili et al., 2011) . On the subject of α-amylases, the most of proteins surveying studies have been devoted to increasing thermo stability (Declerck et al., 2000; Nielsen et al., 1999; Jip et al., 1999) and also prosperous changes in catalytic activity or in product specialty (Shaw et al., 1999; Saab et al., 1999; Beier et al., 2000; Lawson 2000; Gottschalk et al., 2001) . B. licheniformis α-amylase is the most of used α-amylases in the starch industry owing to thermo stability .
Quantum chemistry is a branch of chemistry involved with determining of the three-dimensional and electronic structures of molecules computationally. Quantum chemical methods now permit the prediction of many spectroscopic observables in proteins and related model systems, in addition to electrostatic properties, which are found to be in excellent accord with those determined from experiment . Many physical and biochemical properties are now commonly investigated by QM (quantum mechanics) (Pishkar et al., 2010) . Thermodynamics and activation parameters provide a detailed mechanism for many chemical and biological reactions (Tanaka and Hoshino, 2003) . In this work have used ab initio method such as hartree fock (HF) and density functional theory (DFT) for determination of ΔS, ΔG and ΔH properties of the system.
COMPUTATIONAL METHODS
In this investigation study, crystal structure of Bacillus licheniformis α-amylase (PDB-entry: 1BLI) selected and structure of nano tubeactive site of enzyme made for thermodynamic study (Figures 1 and  2) .
The zigzag single-walled carbon nano tubes (SWCNT) with (5, 0) structure were made using the instrument in HyperChem7.0 (hyperchem 7.0 (hypecube Inc., Gainesville, FL, USA, 2001). The nano tube symmetry is D5d . The nano tubes are perceived to be chiral or non chiral, but a preference of the armchair and zigzag structures is proposed . At first, nano tube -active site of α-amylase were optimized and quantum chemical calculations were used by instrument of the GAUSSIAN 98 program package (Frisch, 1998) and then thermo chemical parameters were calculated on the optimized structure. All calculations were done by ab initio method consist of the Hartree Fock (HF) and density functional theory (through B3LYP) levels. Three basis sets were used consist of STO-3G, 3-21G and 6 to 31G for study of the nano bio system. The thermo chemical parameters were calculated using the optimized structures at six temperatures consisting 298, 323, 333, 343, 353 and 363K. The enthalpies, free energies, entropies were investigated according to this equation: Δ G = ΔH -T ΔS.
The results of hartree fock and B3LYP calculations consisting enthalpies, free energies, entropies parameters were reported and compared with experimental studies. Also, optimum energy and dipole moment were interpreted.
RESULTS AND DISCUSSION
Computer modeling has been developed and greatly used in studies of biological molecules . Thermo chemical parameters have a wide influence on the mechanism of electron transfer in molecules and their studies may have a deeper improvement in quantitative treatment of charge transfer reactions in proteins and also these parameters provide a mentioned mechanism for many chemical and biological reactions .
For the reason that starch has most solubility at high temperatures, thermo stable α-amylase play a key role in industrial hydrolysis. The B. licheniformis itself is not a thermo phile but it contains a rather thermo stable α-amylase (Monajjemi et al., 2007) .
The structural flexibility have been studied through equilibrium fluctuations and contributes to the conformational entropy and to the entropy change during unfolding (ΔS) and has a profound influence on the free energy of stabilization (Matthews et al., 1987) . However, more theoretical and experimental data are required to determine whether structural fluctuations are related to thermo stability .
In the present article have focused mainly on the thermo stability, which is only one of the properties characterizing thermophilic enzymes.
Considering that a proper enzymatic activity requires sufficient conformational fluctuations, the comparison of thermodynamic features with thermo stability and consequently enzymatic activity is also relevant to understanding thermal adaptation and ultimately sufficient conformational fluctuations.
To study the structural stability of considered nano tube-active site system, we have optimized this system using ab initio method (hartree fock) and density functional theory (DFT) consisting B3LYP method by STO-3G, 3-21G and 6-31G basis sets for determination of ΔS , ΔG and ΔH properties of the system. Employing these basis sets seem to be useful and help us to acquiring logical relationships between obtained data.
In this study, the calculations of the IR frequencies were studied, and then thermo chemical analysis was surveyed. The values of the enthalpies (kcal/mol), free energies (kcal/mol) and entropies (cal/mol/K) have shown in Table 1 , in which temperatures are referred to 298, 323, 333, 343, 353 and 363 K. These variations at two levels of theory and six temperatures obtained using three basis sets were drawn in Figure 3 . As can be theoretical and experimental studies. Following this strategy, we have studied the thermodynamic characteristics of bacillus licheniformis α-amylase and have compared with experimental data and have discussed these studies with respect to stability.
In this investigating work, the effect of temperature on the stability of nano tube -active site was studied and was compared with experimental data consisting the thermal stability data of B. licheniformis EMS-6 α-amylase at 333 K (ul-haq et al., (2010) .) and B. licheniformis α-amylase(Type XII-A) at 353 K (Violet and meunier, 1989) .
The experimental data consisting of the enthalpies (kcal/mol), free energies (kcal/mol), entropies (cal/mol/K) are shown in Table 1 . In these experimental works , the obtained values for ΔH, ΔS and ΔG of α-amylase from B. licheniformis EMS-6 were found to be 8.844 , 5.389 kcal/mol and -26.543 cal/mol/k respectively at 333 K (60°C) which are significantly different from those of the nano tube-active site system (Table 1 ). This point is notable that the optimum temperature range of the purified α-amylase from B. licheniformis EMS-6 for hydrolysis of soluble starch was found to be 60 to 70°C (Ul-haq et al., 2010) .
The obtained values for thermodynamic parameters of B. licheniformis α-amylase (Type XII-A) have been shown in Table 1 . Ca 2+ ion plays a role in stabilizing the molecular structure (Vallee et al., 1959) . It is well known that adding of Ca 2+ is required for increasing thermal stability of α -amylases (Madsen et al., 1973; Chiang et al., 1979) .
Michele violet and jean-claude meunier reported that the thermo stabilization of α-amylases seems to be Ca 2+ specific since neither other metal ions (Fe 2+ , Mg 2+ , Zn 2 +,Ba 2+ and Mn 2+ ) nor the substrate provide any thermal protection that this investigation results confirm the key role of Ca 2 + in the enzyme stabilization (30). In this study, in order to obtain information concerning the role of nano tube in the enzyme stabilization, a study of thermo stability of α -amylase in the presence of nano tube at different temperatures was carried out. The ability of added nano tube to protect of B. licheniformis α-amylase is considerable. It seems that in all three considered basis sets in compare with experimental studies the highest stability occurred. On the other hand the most stable condition has been observed in the case of nano tube-active site.
According to the results in Table 1 , the nano tubeactive site system of the B. licheniformis α-amylase, at the B3LYP/6-31G level, showed the highest structural stability as compared with other levels and compared with experimental data.
In this article we have considered the electromagnetic specifications of this nano biosystem by calculating the parameters consisting stability energy and dipole moment which provide valuable information on the interaction characteristics. Figure 4 . The curves of dipole moment DEBYE (a) and stability energy kcal/mol (b) of nano tube-active site of bacillus licheniformis at different basis sets using HF and B3LYP methods corresponding to Table 2 .
The information such as dipole moment data are very important quantities for determining and estimating polarity of components .
The dipole moment value of nano tube-active site of this enzyme has been reported in Table 2 and Figure 4 . We have observed that dipole moment value in 6-31G basis set maximum. Therefore maximum polarity is observed in this basis set and it has proven relative stabilities in this point.
Also, by drawing the energy values versus basis sets, it is observed that stability energies decrease linearly in basis sets consisting [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] respectively (Figure 4) . Also, at B3LYP/6-31G minimum stability energy has been observed to be better than the other levels/basis sets (Table 2 ). This effect is probably due to the large dipole moments of bonds, which preferentially enhances stability.
Conclusion
1. The ab initio and density functional theory (DFT) have been used to optimize the structure of the nano tubeactive site of bacillus licheniformis α-amylase. There is suitable agreement between ab initio and density functional theory (DFT) calculation. 2. The comparison of thermodynamic features with thermo stability and consequently enzymatic activity is also relevant to understanding thermal adaptation and ultimately sufficient conformational fluctuations. This is important that a proper enzymatic activity requires sufficient conformational fluctuations. It has been found out that in B3LYP level, the entropies stands as the highest value and free energies are more negative that this situation is the best conditions for enzyme activity. These researches give insight into the molecular flexibility of the protein structure and consequently protein function at different temperatures to confirm the thermo stability of the nano tube-bacillus licheniformis α-amylase that is necessary ongoing and future measurements at different temperatures at experimental study. Based on these results, we explain that the free energies of interactions (ΔG) of nano tube-active site in 363 K are more negative than other temperature which indicates that interactions in 363 K are stronger. Thus, the Gibbs free energy have decreased, and the reaction have accelerated.
3. The present study should take measures toward complete understanding of the present system. Generally, structures and relative stabilities agree with the experiment, suggesting that studies of nano structures can be pursued with some degree of confidence with this level of theory. 4. These investigation have showed that theoretical studies can be used to successfully explain biochemical difficulties. Similar with experimental methods, they deal assumptions and interpretation, and they have their limitations, but there are many problems that are solved using theory studies.Consequently, theoretical calculations are a competitive alternative to experiments and to successfully assumptions and also interpretation for biochemical investigations. 5. The temperature effects not only on the enzyme structure, but also on enzyme activity. Researchers in experimental study strove hard with purpose of enzyme's thermo stability. At experimental study, the effect of different ions with the purpose of the thermo stability of bacillus licheniformis α-amylase was explored and discussed. Our results clearly indicated that nano tube play an important role in the enzyme's thermo stability. On the other hand, the most stable condition was observed in the case of nano tube-active site that probably nano tube stabilizes the three-dimensional structure of enzyme by binding to the protein and prevents the enzyme from instability. Consequently, theoretical calculations have become a competitive alternative to successfully assumptions and interpretation for biochemical investigations and each of results depends on the thermal treatment of the enzyme on the presence of added nano tube at experimental study and any improvement in either enzyme thermo stability or activity will have a direct effect on enzyme yield, economics and feasibility. 6. At this investigation, we have studied the electromagnetic specification of the nano tube active site of bacillus licheniformis α-amylase by calculating the stability energy and dipole moment which provide valuable information about the interaction characteristic. This found that maximum polarity observed in 6-31G basis set and it has detected relative stabilities in this basis set. Strikingly, the obtained optimization results confirmed the stability of the nano tube-active site system that these obtained results motivated us to investigate other α-amylases. 7. Some results can be made on the basis of the observed conclusions of this study. Such amount of theoretical data can provide us with essential insights about the nature of nano molecular structures in nano biological systems at different temperature.
